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Abstract of JP20Q1 020071 

PROBLEM TO BE SOLVED: To provide a method for the mass-synthesis of high purity carbon nanotubes 
perpendicularly arranged on a large area substrate by thermochemical vapor phase vapor deposition method. 
SOLUTION: After catalyst metal particles of a nanometer size are formed as separated on a substrate by an 
etching process (step 30), high purity carbon nanotubes perpendicularly arranged on the substrate are grown 
by a thermochemical vapor phase vapor deposition method using a carbon source gas (step 40). Then after 
the step of selective synthesis of carbon nanotubes. carbon nanotubes are purified in-situ (step 60). 



Claims of correspondent: EP1 059266 

1. A method of synthesizing carbon nanotubes comprising: 
forming a metal catalyst layer over a substrate; 

etching the metal catalyst layer to form isolated nano-sized catalytic metal particles; and 
growing carbon nanotubes from every isolated nano-sized catalytic metal particle by thermal chemical vapor 
deposition (CVD) in which a carbon source gas is supplied to a thermal CVD apparatus to form carbon 
nanotubes vertically aligned over the substrate. 

2. A method as claimed in claim 1 wherein the metal catalyst layer is formed of cobalt, nickel, iron or an alloy 
of the same. 

3. A method as claimed in claim 1 or 2 wherein forming the isolated nano-sized catalytic metal particles is 
performed by a gas etching method in which one etching gas selected from the group consisting of ammonia 
gas. hydrogen gas and hydride gas is thermally decomposed for use in etching. 

4. A method as claimed in claim 3 wherein the etching gas is ammonia and the gas etching method is 
performed at a temperature in the range 700 to 1000 DEG C while supplying the ammonia gas at a flow rate of 
80 to 400 seem for 10 to 30 minutes. 

5. A method as claimed in any preceding claim wherein forming the carbon nanotubes is performed at a 
temperature in the range 700 to 1000 DEG C while supplying the carbon source gas at a flow rate of 20 to 
200 seem for 10 to 60 minutes. 

6. A method as claimed in any preceding claim wherein forming the catalytic metal particles and forming the 
carbon nanotubes are in-situ performed in the same thermal CVD apparatus. 
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1 iz^(r)^-7i(yi-yi-^-y<r)-^&:^, 

ijx^mi^^^xmmthiixm^m\.z^ ^'^ioixh 
[is*«4 ] mmm^xiiTy=e-T:ffxx'h o . 

mM:^:^m}mi . 700 Jbm. 1 000 "CcoiajST' 8 0 
0 0 s c c mtcMier >-*-r;<?'X$r 1 07b^3 

0t}Ma7n-$-y-^3!)«(5,ji^f-r-& b irnmb^^m^ 

m3i>zimco:^-^^yi-y^s^-yco-^m.-)Tm, 

mi. 7 0 oBs 10 0 o'Cff)im.x'2 onm2 o o s 

c cmOSSaci 07!;M6 O^A-^y\^-:^^Xi: 

yr:>-^-\t^i}^(>m'f7'i-^z b^wmb-r^mmmiiz 

[it«^6 ] mmm^wLn^F^mm-r^fmb frie 

/f-Tnyi-y^^-y'^m^^-tmmi. m?mt^% 
mmm^st^x'^ y-z^^sLX-m^^tL^zb^^mb 
1 :n)?g 5 d *>Mix*» 1 mizm^(7)/7-^^y 

b^^m.b^hm%-^uzim<r>i]-if^y^j^=.-r 
•tt^^mimzj: *)nhti^zbi:nmbi-^m^m 

1 iz§iWLer>:^-^>yi'yi-^-y<^^:t}^. 
*hl'>'Xh^^^-y^$Si^\-?x^bLxnoZ.biW 

mb-f-i>fmmi izsm<^^-^^y^yi-sL-zr(D'^^ 



-><r>i!fXi:m^LXWn'i-hZ. b ^mkb^hW^ 1 

tcie»<o;<? - -■^^>'-^ y ^ A - T'cT)-^^:^, 

HZ. mmwL±.f<zmdmLbmsmk&mskb<mmL 

zbimmbthm^miiz%m<7i:^-^^yi->'^^- 

[H^Ji 1 3 ] miii^^^yi-y^f-j.-yir^m-h 

$ /bti^tf^ i: $:*#S{i:-rSif*Jll {Ciaii<0;*-^y 

[it««i 4 ] milii-^^yi- J^^-:ri:nmti> 

1 3^^ie®<7);<?-^>-:^yf■J.-7'^7)-^B^:^-a, 

ssftsrs t>i,z^m-hzbi:mmb-thmMiA{,z 
tm<r>^-^^yi'y'^^-y<D'^i$i'}im. 

[000 11 

-yco^&:tjmizm . mz±mmmLi.zmmzmii^ 
ti^nmt/j-^^yi-y^^-yi:±M^^-th:fjmiz 

[0002] 

[mh(7)nm i^m^ ( a rm-c hair) m^<^ 
mmm.^^. i^v-r^ (zig-zag) ifKt<^)B#{i 

(field emission devices). S 
:5'4fc{iCRT ( c a t h o de-r ay tube) CO 

m^issLtammzmMmzmm^^ tiMzii-m^co/j- 
jny±y^j.-yt:±mmmi±izmmzmn lx^^ 

-tSit^fMiLv^ ttiA-yf^yi-yi-jL-yco^^ 

[00031 ^tX'^(^$ixj:iA~^^yi-y^si.-y<7) 



(3)^2 001-20071 (P2001-20 0U5 



[0004] 

i^mti^fmLX 0 t-thmm] ( c. j o 

urnet et al., Nature 388,756 
( 1 997) ai/^D.S.Be thune et al.. 
Nature 363.605 (1993)) ^U— !f- 
(R.E. Sma 1 ly et al.,Scienc 

e 27 3,48 3 (1 9 9 6 ) ) t^i 

[0005] ^ffl-^^S (R.Andrews et a 
l..Chem.Phys.Lett..303,468.19 

9 9 ) limi^mm'^. Km^nx-^-Tf^y^j-x:^ 

:Ki^,'rfmLX%mX'^-^^yi-/^^-r^±&-^^ 

^h-nmx'h ^ . mM-^mt:\i±m.-^mzimx'S> h 
i)K :^~:!¥iy^y^^-:f(r>m.^^^^mmuz< 

<. mm±^m'oifi*i-^^y^>'^^-y(r>nmm^fz 
immmzim^ti^cr)X'nmL(r)^^imL<. mm. 

[0006] ^tx^(>^titi»:i!c^isMmmm. 

t:J:it{f. ^7L«cOi^'j7& (W.Z.L i et al.S 
cience, 274, 1701 (1996) ) t-tzki.-^ 
^^-^h(Shinoharaet al.,Jpn.J. 
Appl.Phys.37.1257 (1998) ) 

±X':^-^'y^y^::>--y^Wi9:^'^h. Z(r)-fmi>zX 

ix\f. msi.<^^ii'^-r:.^^zfm±mt:%m^^hi-zih(^ 
mmmmm^'^^zmtcm/^ti^ti-if-h, i^-^x. 
m^mmmL<. tfzizmmmmz^m. 
cr>/t-7iiyi-y^j.-y^^^^-^^<oi,zWi^i)<hh, 
[0007] y'^x-7it^fnmmmm ( z. f . Re n 

et a 1 . , S c i e n c e. 28 2. 1 1 0 5 ( 1 9 9 

8) ) x':^-ynyi'y^A-r?:m^-f^i^i,zitmm. 
izmm.m9'i^titm&ti^tmx-$)i>. t*^L. yyx-? 

iS:^X'^^^it^(^X:^-t'yi-y^jt.-ycr>mm 

t^^Mx\ A-^^yi-y^sL-ycommizmm^^-^ 

[0008] ^W9i\t. ^<r>X=its:WiW^WSi:thfz^ 

\.zti:^ixfz i,<^xh'o. ±mmmmizmm.^zm^ $ n/z 

[00 09] 

mm^fm-thfzif)<7)^m ±ti(r>mm^mL-r?>fz 

tiif. mi^±izMn^mmim^Lfzik, mimm^w. 
mifHimLx^m^tifzi-y'^^ xcomm'&mfi=Fim 
fig-ri.. 3m^^-^^yv-x7tfx^m\.^fz»^t^me 



mmmxmi-!^i&^titzi-y^-( xcofm^mfi'Fmiz 
/;-:f^yi-yi-:L-yi&^^itxmLHzmmi>zmm 
^ixtimimm-^^yi-yi-^-r^m^-th. 
[0010] mi-i^m^tifzi-y^^ xc^mm^w.^^ 
im^-t&msiiTy^-r/fx. >Hm:^'xm/^mit 
^^xij^h^^mij^i^mm^tifzmtii}^ i ':><7ymi/fx 
^m^m^-^xi^m-t^:^xm\m. mimm/fxcor 
yX'7^mm-t^y'yx-7m\m. ^^t^mm](r>^^ 
mmi:mm-ti>m^m\m. ttzn^nmrnzi*) 

[0011] Buie^JXfxjsr >^:-rxfxTfc o . i? 
Mi^xtmimai o o jvs i o o o'C(7)«aK-c8 onm 
4 0 0 s c c mizmiry^-Tifxi: 1 onm.3 Oj^ 

[00 1 2] M*t<(i. mm^-^^y^y^^-y^ 
mm-^Bmn 0 oBsi 0 0 ox:(r)mmx2 oim 

20 0SC cmi7)cfiJ:t:l 0n^6 Oji^lSlA—Tf-yV- 
[0013] msmm^mn^F^rm^-r^^^tmii^ 
-:iiy'f'y^^-y^mm-th'mmim-^j:mnLm^ 
mmmsf^x-( y-i^i-^ ( i n - s i t u ) xm^r^ 

[00141 mii^-^y^y^f-j^-y^m^-ttm^ 
(,i/7-t'yv-x/fxi,zTy'e-T:^x. A^nA'xm/ 
A(.mimi]Xtph^j:hmi}^ih>mi.^1Xtc:niXl}- 1 oc7)Xf 
ximMLxmn^^:itimtl.^^. 

[00 1 5] L<(i. miie;^?-'+'y-^y^j.-y$r 

mm-^^mmizmi^-^^yi-y^j.-x^mm-r^ 
m^km-^j:^t^%^MmmmfyX'-( y-i^i-^xm 
n^tL^mm-7ttyi-y^^-xt:mm-ttmst:^ 
'^ic-irtf. mm:^-^^yi'yi-^-X'^mm-t^fmii 
ry^-Tisx. imtsx. m^^x. ^fziiztK^cD 

x^mmLxmn^i,. 

[ 0 0 1 6 ] $ t^izmtL<ii. miimmm^c^mizT- 

~ii'.yv-x/fxi:m^-ti>m§t:, m9mmmsmi>z 
^mmxi:mm Lxmssmt^%mmm^m^<omi 
mm:^'xi:m%-t^^^i $ i^^zmm-t^ . 

(00 171 

imncommi^mm] ot, mnttzmrn^zmr^^:^^ 
BM(7)mt t V ^mmmimL < um^^ . l*» l . 
liTimmmizm^^tit zbx^< . ^m^^f^m^j: 
mm^zMM^ti. fzrz^mmmii>ii^^m<r>myjk^m^ 
tcL, ^m^iz^B^<7)^i^^^^^zm(>M^fz>^^zmm 
^ixi, i,(oxS) h . mm<r)mm%mmM^m.\imncr) 
fzif>i,z9mmz^$ixt:i><r)Xh^o -c-tT, mm. i& 

fziibi,zm^Vfzii<Dxs>h, laffitciic^-c. m-^mt 
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[0018] (^1 ms&m) m i ti-^EggriixiiT', 02 
(A) m/ (B) ii^-^^yi-yi-jL-ycr)]&^^tih 

[00 1 93 01 $-#gS^tf , ;^_;}f y-^y^j,-:/ 
(r>m&^iXi,WK (02 (A) C7)l 1 0 ) iCMJSE^S 
IS (02 (A)<^130) 5:J^fi!c-rS (20eii§) . S 
«1 1 OfcLTtiXf^;^. v-U3>-t/c{i:r;L'5 

-^ ( A 1 2 03 ) ««^i:*^is6i5ix^ . 9m^m,m 1 3 0 

\,f3}^)VV. - yy^w. IR, ^;t{ic:n^><?>^ (^v^- 
;^h--.y^;^, 3y^';^^-^t3t(i:-•y:>•;^-^) 

^sfflLT^fie-rs, stji^iKiKi 3 0(is^jg«a. m^^ 
\i-j^mmTi^xny 9 V y^m^mm txm^ 110 

^ 2 0 0 n mcolf^ fCj^^-r S o 

[00 2 0] »Ki lokLx'^o^yimmt, fm 
^mmLxmm'?>m^i>z{i. ^i i ot^^m,m 

13 0 *iffl5KjS t T U KM**JKfiS$ixa ^ i: 2: 
|s&±f S^'ii^t-Mii^iRlli 3 0<r>l^mmi,zmLHzi& 
mm (02 (B) coi 20) ( 1 OSPg) . 

y 3 ym^mt tzHriV 5 -ih^ i: A^l^i^lS 1 2 0 i: t 

xmhtih. 

[ 0 0 2 1 1 <>:tc. fm^B,Wk 1 3 0 ?:tt^JU-CiJ-SIS 

^T-i^c-^y-y-^XcOftli^^JSfi^^ffM^?. ( 3 OS 
pg) , ftf*:Wtc;(5, 03 5r#BS-rixti\ MiK^iai^ 1 3 

0 i-tJiitei^ia 1 2 0 fcj!!l!«E^iglK 1 3 0O?g«$tlT 

v^i.««^^l:;¥mffl««^ao^-h 3 1 om^Sg 
flti;MllLT¥^Ttc|gaL^>rf*, -I?- h 3 1 0 Srflft-fb^ 
mfflM*iia^0R*E^3 0 0l^(co-x-f>'^^f 

-h3 1 o<7)o-x^>-m, a«i 1 o±(c?e^$n 
T v'^.g.am^jRM 1 3 0 cr>mmifimwxcr)mK-nm 3 

1 5i:3C^|6iT'T[«i]-r.i.<fc^lca-X'f ^-^^f Its'] 

^x<7)^-)j\^tfm±mwk 1 3 o<^aiS:is!*-itiifc-t 

SfiOJi. a«l 1 01.X'Wi^\A':^comM(^Wx(m3.s 
s f 1 ow) S:*^— tcLTKjiE<0%— JSSr«a6i>;ti6 

^<n>Rmii^Kmw3 o oc7)l*)®^^#«$^^T>.^^v:«« 

ibXh^. 

[00 2 21 .-}<-h3 1 O«ro-ff-f >'^^t/;f^. RJC 
3 3 0F*l<7)Et)$r:»c«£E (^ff-fk^Svffl^S^a^fig 

(ffiE'ft:^Slffl|g^a?'«effl-rs^) tc^rl.J:3lc 

LTtrf^, Km'^3 0 0(7i9mmzWM.^iXfzmio^){^ 
3 3 0 $r«fflL.-CS:JE^3 0 Ol*IOiagSr 7 0 O^CJ^l^ 
10 0 O-Clci^^-tS , KmW3 0 0 rtc7)iaK*<Ig 



1 0*-^>fi!fe^I;yxSr;<r>^e^*&«3 2 OSriltTRieiPS 

oorttcflfc*&i-S. fm:ff:^kiTy^~Tiff:^. ^m^' 

Ty=t-7/fxf)<m?\/f^t txmt ryt-T 
/fx^mm-rh^izaa onmA o o s c c mco^ 
1 ojbM 3 o^sflt*&-ri. , igiagc7)Tisco7 o o 

[00231 04tc^-f i ate. Rf5r 3 0 omz^i^ 

^ixfzm\/fX 2 0 0 JilSSK^JSM 1 3 OO^l^-yfit 
•ff^ (grain b o u n d a r y ) lC:?{ioT^J LT 

nrnkSLmz-^m^iitn-y^-f xcofm^mL^ 1 3 

Op^S1S±(CJ^-lC^?P®tC?^fi!c-r-l.. *HJ$B»(Ct5 

-^x^mjinxmm.^ixh:fj-^^yi-y^^-y<mm 

[00241 Sf*tC. ^-^^yv-x0x^w^^f^m 

mm^mt^^zm^LXij-^^y-i-y^^-^imRi 1 
o±t^:R$-^s (4 0Si5§) . i]~ir^yi-y^^-X 
$r«*S-<i:l.aP& (4 Ogaif) {±-^y-9--f Xf^JiM:^^ 

m^^^js-rsapg ( 3 ogpg) t-f >'-i-f-A-c'iiSfe 

-r-l.. ftiilsWtCfi. 03tfO|gl#4OO{ijl:a6^2#4 

2 0S:|gBctTT^^:-r;<fXtfO«|§{i3IBJfL, 
>'y-X;>yxeil&ji4 3 0*>^>;<^Xflt*&'g3 2 O^rilt 

T7;?-t'>-y-x7yx^R]C^3 0 ortt«*&-r.i.. m. 

«[^l 3 0 pm^ia«i:P-^aJKffiH<JD7 0 07b 

^1 OOO'CSr^STt-ti-i.. ;<?-^:>'y-X;?yx(i2 07!; 
S2 0 0 s c c mOgEitC 1 0BM6 OtM-Stt*&-ri. . 
ij—if-.y^Z-T.iJy.ii LTJiCi—CaCOift^t^K^ ( hy 
drocarbon) ;*'X*ifi6i:)ix^ , L<(i. T 

[00251 XSiag<7)TRS«07 0 0 -HO- V- 

||3#4 4 0S-g3JScL, 4rA'yrat^/i;^{i««?:^X 

«*&l!f.4 5 0*^f>^-v 'JT;</X (^SiJ^^t^T/l^^^^-^ 
cO^NvStt^'x) Sl/^/*7t:{i#«?;<fx (*«-ft!B!i;yx) 

[0 0 26] ;<?->-Kyy-X;yxi:it{c3iW^SiJ 

m^m^^x) ^mmzmt^LxmwLtiz^&^ti^:^- 

^r^i-y^j.-r<7)mmb^*mm^mB^hzti,x' 

/j-7)iyv-x/fxtfim^'x<^imitli2 : 1 

7b^3 : nmtu^. 
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[0027] m5l,Z7jki-Xol,Z. Rm^SOOf^izmik 

^ixtz:^-t:yv-x/fx 5 o oa^m^tixi-yi- 

^ XcDMS^^mi&l- 1 3 0 P fiO«■'5r•C/f-'-^^>':^y f- JL 

[0028)06 (A)nm(.c) t±aiS^*^T;u 

(base growth model) (OWUB^WChrt 

X. me (A) (z^-Tiotc. mit^^^mm^wcoK 
Vi^X ( C2 H2 ) ) t^fmrc-Wjim ( p y r o i 

y s i s) $ixT««i--7b (C = C*/t{iC) i: g 
iTk^ (H2 ) S-Jg^-Tiitf. i>t#:3-- y h*ig4j«^]K 
fii^l 3 0p£O^Hlc®«§tT./v:f*, rtgi5lct£tS:$fLT 

mm^tih. mz. 06 (b) c^-ri^tc, mss^s 

1 3 0 P -y N tc J; 0 i: =5rfltf 

fi-if^v&j^:i.--:r\ soji^^ftLS&s^S. J^^SWc 
b3!?<«t*&$ix-S . 06 ( c ) tc^-r J: a 

tc. mk&wm- 1 3 0 pc^Miif^ffltCct 

yf-a-yi 5 0*^'ttr4^cm:Ri-|.. MM^Sfit^ 1 3 
Op<7)?^^*^jtLV^*\ ¥!i^(r>^^zMij-if^v^j^:^ 
-yi 5 0i?)*Sfgt,P3?g (round) J^Sg (b 1 u 

-7'«05MSt>^S J: 0 izmm^tih . 

[ 0 0 2 9 J m 1 m6iimxumcit^%mmmmm.k lt 

n in:n»M4 0 0 n mT'S) 0 , i^^M mTb'^WSu 

[0 0 3 0] <?:(c, m^mz:^-7Xyi-yi-^-yi 5 
O(7>^0m!H§mi.z^ >-i^^a.x'/}-:!f^yi-yi-jL-y 

y^i-7'i 5 Oco^ffitcti^^O^T^cti^^N"-^ 

co^^m§ (4 ogpg) y-i^i-^xmmms ( 6 

[00 3 1 1 I13<:0|S2#4 2 0{i:±i6IS4 

#4 6 0$:PifeL-C;^---K:^y-XXfX<7)tt*^{ijg»f 

L, mm^xm^m4 1 o-b-t>ij:K^^m3 2 0 $-at 

T«SS7y;^^RXD^3 0 0 rttctt*&-ri. . 
[0032] LTtiry^r-TX^'A, ^^mH 

m:(f^ttXTy't=^T:^'Xtf^liyiim^'^'tmm-tt 

m^izii. wicomm:^'xmi^m4 7 0i3<^x\ tiiMA' 
xmi^m4 1 otfzii^^- 0 r^xmj^/t.tz\m^^' 

[00 33] RJC^30 0l*Ioag5-5 007^iMl 0 0 
0 "CtC«t> . RtS^P 3 0 0 n^zmmfjX 5: 4 0 JIjM 2 0 
Osc cmlCl 07!>M3 0^Sffi*&-r'l.. T>'*-T* 



* ) \i^min trz\immj^-^^)\^i^i.z^^ 
h, nwk:^'x<r)^m\x'hhmM:^'x(r)&^mmm<m 

[ 0 0 3 4 ] A -:iityi-/^jL-y 150 

commiz^^^^mm o Rx/^m^-<-^:^ )Vif^±{,z 
[0035] s^L<«i, mi{z^^-fXo{z. nwm.^ 

( 6 OSPg) <?)mtc^vStt;<f;^SrSE>j^3 0 0rtt;2 0 
0Ti^5 0 0 s c cmiiZmkLXK^WS 0 0rtC^# 
-r^;)*-;Kyy-;^;ir^^«fMP 3 4 0 tT«PS\-^ 
I. (iaic7)5 0m) « ^yS14;<f;^i:LT{iT;l^3'y*' 

-yi 5 0<0:g$^iE5ltcPfflST#, 

[00 36] tfz. M^L<{iffi»SPg6 0^lCi,^*S 
14;<r;^$'RJiEjP3 O 0 rttc:2 0 0 J^)M5 0 0 s c cmtc 

mk Lxu.m^ 3 0 0 «.«S8;«rx i:mtn 3 
4o^3iLTp^-r^ (0ico7ogpg) . m%mKm 

xff)m9^fstvs ( 7 ospg) imm^so o(^is^^-m 

^■^hd-h^zmm^'^izj:^:^-:nyi-y^a.-yi 5 
oi}^-mmm^tLhzti:m±-rhfzi^x'h^. 

[0037] IgMsfeSttfico^JS^&fciixJf . 

^^t^K) (agglomeration) (C^<^^< 

Mz^-:i'^y-f-yi-:^-y<mi^mi¥Am^mcomm 
-r^ijg^T'^ , /j-7i(y^y^^-y^mmi,zmm.iz 

[ 0 0 3 8 ] ^/i. «m±{:m$*i^cM*S?^«)liO^ 

mizw.'yxmmTMimmLx^m^tifzi-y^-(x<r> 
fm-^m^^^mwL<r)^mizK^ xi^-^±^ ^ iznm 
mzmm-h. vt-^x. mL<^mmfiK<^j:^xhmwL 
<n>&M^zmwj:<m-i<z:^-^^yi-y^a.-yi^m!^ 
iz. mm.izmm^txm^Lo -s . 
[0039] -e-o±, fm/fx^ wiiory^~r:ffxi,z 

[0040] -eLT, /j-n(yV-X:^'::^cr)^ik^^. 

tizX':>x, )ff~r^yi-y^^-yer>^$i,^izmss 
[ 0 0 4 1 ] ^ LT. mt^^mMmm^mm-fhfz 
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(batch type) ^^tt^m-^hh. , 

[ 0 0 4 2 1 i^::. fm^m-^mm-tmsb A- 

nm&mi}<m^^j:cox'^¥m(r>/i-^^yi-y^^-r<7i 

[00431 {m2mmm) m2mmm*m i mmmt 

( 3 ogpg) ^^.^mi.zx^:^'^m\x-^< . r^xv 
muzxK>'ffo}^X'h^. yyx-^mi^mm-t^w, 

[0044] y'yx-^mmaciLLxy'yX'^mmm. 
x-ndirmt. y'yX'7mw.t<mt^%^mmmm. m 

mzmm^tifzmsx'nd:fjmti<h^. -'imms<^m 
tLxii, y'^x-7mma.tmt^m,tsM^mif}n 

mit^^Kmmmmizm^^tLfz <j b r^x-^mm 

l^j!S(cSSttl$a^ d t t:m±-t^rzMziiy'yX^^m 

[0045] mLLfzryx^^s.xiiiLm^&m^izii 

Jl^l 3. 6MHz. ;i!f;^COE^lO. 17VM1 OTo r 

rRx/mu 5 onm2 o owcox^ff-cry^-r^ 

X, TKfgpyx^^cti^lg^k^^XfxSr 30B^300sc 
cmtC70-$-ti-TJi^^L^r5XvtrfflV^T3 5 OJb 

me 0 0 rcoas 5 3 0 ^i-^M^j txmimnm 
t m-^j:yjmxwm^tifzmm^mm^m\Lx6i-m^ 

[0046] ~wmmm.<^^'^izii 1 3 . 6mh zcoi^ 

7KSXfx^/t{i*3g-ft1^X?xSr3 o;^S3 0 0 s c 
cmizyr3-^-t^j:iittym^Ltzy=7X-?i:it^9iMm 

m^mnf^zmkLx'rtm^fifzi-y^^ xoss^^e^i 
^$rjgfi£-r^, t!fe^jxs«i:3 sojbmeo 0'C<D^mz 
sTm3o^^m-th. r^x^jir^^-r^x^ 

[0047] (m3|liffeCT) S^3ia6m^J-St$ix^:>- 

y-^^xc7)gM?^]afii^^fe5*:g!fe^jaT'^<, m^mi 
mx'm^-t?> t V ^ a jSiT-^ 1 mmmRc/m 2 m&m t s 



Mfzmt^n ( H F ) Jg^Sd^^ctiH F t N H, FOim.-^ 

*}SJg) fcl7^^5tM■IS^f^tT^SI$i^^c-^y-^^^X^O 

[0048] ( ^4 ^ssfi^j ) mAm.mm\i^ 3 nsfetaii: 
^i^sfefi?9coiffl-^®-c-*)-o-c, Mzm.m\imikL 

m) izinm5-^mimxmn^mmLtzm. mm^:^ 
m^-^i. <kv^T\ mimmmbmmi,zmiimt^^ 

Ismmmm^iza-T' ^ y^Lfz^. m\^:^(r>Ty^ 

-Ttfx^e onms 0 0 s c c mi,z5jbm2 o^mm 
i^LxmL±iz-i^m^tifzi-y'>r-( xcoim^mn^i: 

immmtm-izmff^h. 

[0049] (msmmm) m5mmmiii-y^^ x<7) 
fm-^^m^im^-thm^ ( 3 om) im^m^zx 

mmtm^j:^. mtmizii. ms (a) iZTfk-txo^z. 

fm±mmi3 0±izy^ hui^^.h^a-'r^y^^^ 
"ittz^. m^vmismm^MLxi-y^^ X. mtii 

WnmT]m.WSnm<r>y:fhU>'Xh^'<if—y (PR) 

[00 5 0] mz. las (B) iz^-rxonz^ yifh\^ 

i?:z.h^^9-y (PR) ^MSfJ-rxi^fc LTfit^^JRK 

1 3o^^mLx-ry^^x{zj^if--y^titzmk±m 
WFi 3 0p^mm-h. 

[0051] \m. 08 (C ) t^f J: dfc. ^-^^y 

5 0(r>mwaimi%immmtn-i>zm 
n^h.m5 mmm<^ i 0 iz^nmiumx-Mi^^mn 

^^m^^i^. yyfhui^xh^'<^-y(r>:izi^t 

mm^missi-^ c t izX'yxmm^mt^<7):^» $ 
^.^^^^zmmLoh, ^<^^. /j-^^yi-y^sL- 

[0052] (H^Wl ) 2cmx3cm<7)>'l)3>'« 
RitCv-U 3yl?^tM$r 1 5 0 0 Acorns izm^Lfz 
ik. »MmijmX'F e MS- 1 0 0 n m IZB^ L 

o-T-f ^-^^t^®, KJCr<^E:'3Sr7 6 0Tor rt; 
«t>. iaje[S:9 5 0-Ctc#iaL7tm. rv^r-T^XS: 
1 0 0 s c c m{C 2 O^ra^D-S-ti-T^JJ-liSiXJt^e 
^SrJg^LJt. iXtc, 9 5 0°ac«^^ 

*«^>r-bf-U->';<f;:<.S-4 0 s c c 1 Oj^^yn—^ 

^x^mnT^^^:^-&'yty^^-y^m^^-tfz. 

SEM(scanning electron micr 

o s c o p y ) vmi^Ltif^m. *i-if-y^y^^-r 
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TTEMCtransmission electro 
n microscopy) -C-fi^LJtife*. m.W^S 
0 nm. 1 2 0 um<r)/j—^.>i-^i~;3.—-fifim^ 

[00531 {mmm2 ) fm^s,mt lt f e (oith 

xm^n-x'/j-^^yi-yi-j.-y^tm^Lfz. semt- 

[00 54] {mm^3)fm^^}iL.XFe<r>i^i:> 

r>\,zc om^{mLtzzt^m^x\im^mi tm-^j: 

JLWk¥f-X-ij-^^yi-yi-^-:f^m^l^tz. SEMT 
i^-t,Z^^Ltz:Ltifi^i)^'ytz, TEMX-WmLtz^ 
^ji.-y^i}W^^tlfzZ t t^^ti^-ytz. 

[0055] (^»^j4 ) mimmMt LT#-flgof<: 

h^{,zco-m ^±wk^mm Ltz:itim\^x \tmt 
mihntJLmi^x'^--!f^y-rj^^-yi:^^L 
fz. sEMx-wmttzmm, ij-Mv&j&:i.-rftm 

W.lizmm,Z'^-\,Z^^\^tz^'ttf^t-^'^fz. TEMT 
«^L7t*gm. mMim9 O nm, S^A-'S^I O 0//m 
(Dfj-T^^-VirJ^a.- -ftW^^tlfz i t -> fz . 

[00 56] (mLm3)fm±is,Wkt\^xco-ni 

-^^mcrifth 0 c o - F e -^^mi^m VtzZbt:m 

SEM-ei^L/i^*, ;^-;KV:^y^i 
-y*-'»^±tcSi:i:i^-{c^:^ Li^c c: i; tz . 

TEMT-SSLJti^*, ii:@*»'*<)9 0nm, «$3&s*?j8 
0 M m iO;^ - ;}f y ^ y ^ jL - T"**?^^ $ flTt C i: 

[00 57] (^^<?IJ6) M^ifeJai^t LTCo-N i 
-^^)S<^ft:t)OtCN i - Fe^^M$rfiBfflL/t::i:5r^ 

-y*i«lR±tc^iSlci^-{c^ft L/vtC: i: ifi^i}--^ fz . 
TEMTl^L^fe*. iag*«*«j8 0nm, ^^ifimS 

[0058] (||®^^7) 2cmx3cmO>'i;3>'S 
«Lhlci^'j3yi?fl:J15: 1 5 0 0 AcO/f ^tzJ^^L^c 
f*, XVN'-/ 9 V y ^:^a-CN i MS: 1 0 0 n mC7)/9$ 

m^Lfz. N imij^m&^tifzm^i&ti i . 5To r 

r, jga^l3.6MHz«or5XvS|g<!Oiae?r5 5 
OX^lzmz^fzm, Ty^-T^'X^ 2 0 0 s c c mtC 
7n-$-fr-C0jSL^^r7X-?Tl S^^fiib^JLT^^ 



ti^ct*. RlE^iOffi::*^ Sr760Torr tfiSoT 
5 0'Ct:»iaLJtf*. r-bf-U'>';<fX$r4 0 s 
c cmfCl 0-i^Wiy\=l-^-tX^iX^iX(O- '/'ir)m^ 

X'/j-^^yi-y^a.-yii<m&$ti^2idi,zLfz. se 
MTmmbfzmM. ^-if^y-f-y^^-nfiw^^zm 

mz^-iz^^Ltz^bti^ti^-oi-z. TEMT' 
S^LTtiSm. itSeOnm. 5 0/im£O;;&---i^>' 
[00 59] (^piJS) 2cmX3 cmC7)i/-t;3>S 

y 3 i^gg-fk^?: 1 5 0 0 k<r>m^ \,zm^ L-tz 

f*, ^mM^X-C o - N i -^^M Sr 2 0 0 n mc7)/f $ \,z 
l&^Ltz, »««-HFg|?eilCl4 0gf|a«»tT 

imfsMmmmm.^t,zu-^ 4 yy\.tzm.. ^m^<r>z 

:JjSr760Torr iZ^-yX^^ 9 5 0*C{C#ffiL7t 

f^, T>-^:-r;<fX5r80 s c cmtCl 0:5^370-$ 
1^-Cr«-SI$ix/iCo-N i-g!-^^$:?gfiKL^Co ^flJSSr 
-?-<:0t^9 5 0'CK«^^*^^>r-bf-^>';^;^Sr4 0 s 
ccmtci 0:}Ma7o-$-ti:T#Co-N i^^[^T;^- 
;^:y■^yf-J.-r*>'Jg^^^^-I.J: aicL^c. SEMT-W 

mLfzi^m. ^-^^yi-y^^-yt^w^izmmzi^ 

-iz&^Lt:Zti}^i}^-^t:. ^LX. TEMTf^L 
it@l 0 0 nm. :g§f«Jl 0 OMm(r>:/i—:i(y 

i-y^jL-nm^^titzzta^m^'ofz, 

[0060] 

^m-ms. m^-^mn^tmmcr>m(Di&^tm'oi,z^j: 
t^^d:<'i^m^tixm.tx-^mmi>zm^^tihfzMz. 
nsmt<7)/t~:!iiy'hyi-jL-zfiTmuzmmzmm^-t 
x-^^toh. tfz. mm^mmco±mizK^xi^-^z 
mfr^ixi>&mxm^mmLxi^m^ixfzi-y^-( xcT) 
fm^mi&^^mm'i<7)x\ ±mmmm<o{iLm(>zm^ 

-^^yy-x^'x<r>^imM/jM^mfv^^t:msi-r 

S C: i: tc i -? T * y ^ A - y i: liiSSt/ 

i*iT'«i^^<7)*«±tc nmi,z^m.JM^m^^h-^^ 
^'^^m.X'hh, m-^x, miRmiz-^im<7)mm&^ 
^tirz^~Tt(yi-yi-^-r^±mmmnzm&to 

tfz. »MSPift -^^mst ^y- i^^^x-mm-t 
^(ox'mmimf}mmzmM^x\ -^mimir&i^itLo 
s. 

mi] ^%BM<^mimmmizxhA-^^yi-yi-^- 

v-^^-fjWi iTn-tmimx'h h . 

[02 ] ( A ) at/ ( B ) itmk^mmm^^tii^m 

[03 J 1 mMmi.zm^t,ixhm\L^%MM 
mim.^^--rmvmx'h s . 
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[04 ] ^m^titzi-y^-f x<r>mm^mn'^i:m&'t 

[06 ] ( A ) ( C ) {ii»-fi$iT^jtt«Eife«Bi^*» 
^> - y y f- jL - $ it S ;^ ;«r - X A ?: Sk-T 

[07 ] ttS?*'X^ffll^7t^ >'-i^f-j.«SSP§tCjaffl 



[08] ( A ) JbM ( C ) {i;i:Sia>liijXST':>- y -9--f X 
110 

120 mmm 

1 3 0 fm^mm 

15 0 /t-Tf^yi-y^jL-r 



[01] 



I 
I 
I 
I 

L_ _ 



.„._.1_____. 



i 
I 

.-I 



-10 



—-20 



I 

I 
I 

.J 



-30 



-40 



-50 



€0 



I 
I 

.J 



-70 
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im2] 

C A ] 



i/iMMi/{ — 130 
-110 . 



[04] [05] 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

MiiiiiMfe; 



B ] 



SO 

30P 
20 

110 



-110 



[116] 



[113] 



^00 



40 



n 



330 



310 





460 


470 






1 — ^ — 1 








400 


410 

/ 








320 
I 


440 


450 

/ 












Si 5 






420 


430 

/ 















[07] 




-120 



-120 
-110 



-120 
-110 



*7 



«hst 
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[US] 
C A ] 

— 120 

110 

C B ] 



-120 
-110 - 



[ C J 

1 1 1 1 1 1 1 1 1 1 

J J — no 



(51) Int. ci. 7 mmm 

C 0 1 B 31/02 10 1 



F I 
BO IJ 



23/74 



32 IM 



